The long-term optimal climatic climax soil-vegetation system is defined for several climates according to previous hypotheses in terms of two free parameters, effective porosity and plant water use coefficient. The free parameters are chosen by matching the predicted and observed average annual water yield. The resulting climax soil and vegetation properties are tested by comparison with independent observations of canopy density and average annual surface runoff. The climax properties are shown also to satisfy a previous hypothesis for short-term optimization of canopy density and water use coefficient. Using these hypotheses, a relationship between average evapotranspiration and optimum vegetation canopy density is derived and is compared with additional field observations. An algorithm is suggested by which the climax soil and vegetation properties can be calculated given only the climate parameters and the soil effective porosity. Sensitivity of the climax properties to the effective porosity is explored.
INTRODUCTION
Eagleson [this issue] suggested that there may be ecological pressures for change in natural soil-vegetation systems which drive a synergistic development toward a water-or energy-limited equilibrium state in a given climate. Identification of the conditions for this equilibrium should allow a priori specification of one or more of the physical parameters of the soil and vegetation. This would substantially ease the problem of estimating effective land surface parameters when dealing with the hydrothermal fluxes of large natural landsurfaces. Such problems arise continually in catchment hydrology and in the boundary conditions for models of atmospheric dynamics.
The theoretical formulation of these hypotheses is presented in the first paper of this pair [Eagleson, this issue]; here we present some preliminary observational evidence in their support. We close with suggested algorithms for applying the hypotheses where the single free parameter, the soil effective porosity, is determined using observations of either canopy density or average annual streamflow. 
REVIEW OF EQUILIBRIUM HYPOTHESES
The one-dimensional water balance model of Eagleson [ 1978a-g] is written in terms of five surface parameters: the vegetation canopy density M, the species-dependent plant water use coefficient ko, the soil effective porosity he, the saturated intrinsic permeability k(1), and the soil pore disconnectedness index c. The analytical structure of this model is summarized in an appendix to the first paper of this pair [Eagleson, 
this issue].
Eagleson argues that where water is limiting, the shortterm ecological pressure will be to minimize water demand stress through adjustment of both canopy density and plant species so that the soil moisture is maximized. For a given climate and soil, this is written where Era is the average annual evapotranspiration.
Equations ( of Figure 1 are h0, the water retention capacity of surface; a, the reciprocal of average time between rainstorms, and w, the rate of capillary rise from water table to surface. Noticing (as in Figure 2 ) that in a given climate and for fixed ko and ne the minimum stress canopy density M0 is maximum for a particular set of soil properties c and k(1), Eagleson The above hypotheses were formulated using a onedimensional model of the soil moisture fluxes. To test them, one ideally should have direct observations of M, ko, c, k(l), and ne (in addition to the various climate parameters), from an array of spatially homogeneous natural systems covering a wide range of the dimensionless climate-soil parameter E. In practice, however, at least the soil parameters of natural systems are highly variable, spatially [Nielsen et al., 1973] , so even f dense observations of them were available (which is rare), the problem of how to average them areally arises. We will thus be forced to use indirect spatial averaging of the surface parameters. This is the inverse of the lumped parameter process by which one-dimensional hydrologic models have long been used to explain the behavior of nonhomogeneous landsurfaces. In this inverse or identification process we will seek the values of the soil and vegetation parameters which, when used in the one-dimensional water balance of Eagleson [this issue], best reproduce observed values of the average annual moisture fluxes. Streamflow, wherever it is equivalent to total water yield, is particularly suited to this identification process. In the first place it is a naturally integrated output of the spatially variable system, and additionally, its concentration by the channel network makes it the most easily and most commonly measured of the output moisture fluxes. The equivalence of streamflow and total y•eld requires that the surface and groundwater catchments are congruent and that the groundwater and surface water runoffs both exit the catchment as streamflow. Of course, there is normally no way of knowing if these conditions are met in a particular case, and the outcome of tests based on the assumption that they are must be uncertain to some degree. We will supplement and check the identification process using limited direct observations of the only readily observable surface parameter, the vegetation canopy density. shortwave albedo of moist surface; average net rate of outgoing longwave radiation, cal cm -2 min-l. The overbars indicate time-averaged values and result from a zeroth-order time averaging of (9) [Eagleson, 1977] .
Assuming the surface to behave as a blackbody with respect to long-wave radiation and approximating the surface temperature by the atmospheric temperature, the average net outgoing longwave radiation can be estimated from [Eagleson, 1977] The literature reports that catchment W-10, which is in the same region as W-9, is consistently overgrazed, which may keep its observed canopy density unnaturally low. As was expected, it does seem that the thinner canopies of the drier regions are composed of species having a potential transpiration efficiency (i.e., ko) progressively smaller than unity.
The derived /3(M0) relationship appears useful for the estimation of/3 given observations of the canopy density and species (i.e., ko). To facilitate this, the theoretical curves of The sensitivity of M0* to ne and kv is illustrated in Figure  6 . Here, for simplicity, the individual calculated points are not shown. Notice that in the humid (i.e., Clinton) climate, M0* is independent of ne for large ko. This says that there is no soil which can produce a canopy density greater than a The shaded areas on Figure 6 represent the range of observed M0 for these catchments as given in Table 2 . The sensitivity of M0 to ko is examined in more detail in Figure 7 . The climax value Mo* is presented for constant ne in both Clinton and Santa Paula by the solid curve labeled M0 = Mo*. Here again we see the larger sensitivity of the more humid (Clinton) climate. We also see clearly that in both climates there is a limiting value of ko for a given ne below which no climax canopy density can be found. This occurs because of the lack of a maximum So under these conditions, Figure 17 ], while the partitioning of this total into its surface and groundwater fractions is very sensitive to the soil properties. The comparison, presented first in Table 7 , should thus give new information at least for the three humid catchments. Table 7 , that all predictions except that of the dry Neosho catchment are within 10% of the value estimated by the U SGS through hydrograph separation. We will have more to say about the Neosho case later. This same comparison is presented graphically in Figure 8 Table 7 . To present the surface runoff function as a unique curve, it was necessary to multiply the dependent variable by the factor e c, which is extremely sensitive to k(1).
Notice in

THE SOIL PORE DISCONNECTEDNESS INDEX
We note in Table 6 given in Table the climax properties fitting the observed average yields were identical even though the catchment areas are widely different: 174 km 2 for Nashua and 11,554 km 2 for Merrimack. This is only modest evidence of the robustness of the method because (Table 1) only the temperature and mean annual precipitation were taken to differ at the two sites. These facts enable the cdf comparisons for these two catchments to be presented together, as is shown in Figure 12 . The Chattahoochee catchment is shown in Figure 13 . Here we found two climax k•, -ne pairs that approximated the observed average yield. As can be seen from Table 5, Two ko -ne pairs were also found for the James River catchment (both by interpolation in ko at constant he) as is shown in Figure 14 . Once again, further interpolation would probably reduce them to a common ko -ne pair. Here also the agreement with observation is quite good.
The Santa Paula Creek catchment is presented in Figure  15 . The observed cdf for this catchment has a sag which apparently originates in the observed PA [Eagleson, 1978a-g] . In deriving these cdf's, we have used a fitted analytical cdf of PA; thus we cannot expect to predict this sag. Nevertheless, once we correct the climax cdf by allowing the vegetation density to vary annually with the precipitation, the agreement is quite good in both tails. To understand the significance of Figure 17 , a second illustration will help. In Figure 18 are presented several M0 -E curves for the kv > 1 condition. It is these curves that govern the vegetation optimization [Eagleson, 1982] when M0 > 0.42. The hypothesis states that, in a given climate, a given species will maximize its biomass productivity by seeking maximum canopy density. The limit of the density is given by the maximum of the particular ko curve, and it is the locus of these M0 -ko maxima which is presented as the optimum curve for large M0 on The large M0 curve of Figure 17 is thus only an upper limit to the M0 for a given ko, and if soil changes are not involved in the vegetal optimization (the relative time scale argument again), the climate determines how close to this limit a given system will come. For dry climates (small E) and ko only slightly greater than unity, the separation will be great. For moist climates (large E) and ko much greater than unity, the gap will be smaller. In fact, in the latter case when the E exceeds the value E0 necessary to put the climax value at the maximum possible M0 for the given ko, the M0 falls off. There is, as we see in Figure 18 , a maximum E = Emax for each ko, above which the soil moisture cannot be maximized. This result is the weakest of those tests presented here, but the data used are also the most uncertain. In particular we must remember that the actual evapotranspiration was estimated for these dry catchments by subtracting observed streamflow from observed precipitation. In these arid circumstances, the streamflow certainly underestimates the total yield; hence the evapotranspiration and fl are both 
